Decay rates of cc and bb mesons have been studied within the NRQCD formalism. The basic parameters of the formalism have been obtained from different potential schemes studied for the quarkonia spectra. The present results are compared with other potential model results with and without correction terms proposed through hard gluon processes involved in the decay.
Introduction
The mesonic states are not only identified with their masses but also with their leptonic and other decay rates. So, one of the tests for the success of any theoretical model for mesons is the correct prediction of their decay rates. Many theoretical models predict the masses correctly but overestimate the decay rates [1, 2, 3, 4, 5, 6] . For better estimations with reference to the experimental values, various corrections due to radiative processes, higher order QCD contributions etc were suggested [7] . In this context, the NRQCD formalism is found to provide systematic treatment of the perturbative and non-perturbative components of QCD at the hadronic scale [8] . For the present study, we employ phenomenological potential scheme for the bound states of heavy quarkonia and the resulting parameters and wave functions to study the decay properties.
Nonrelativistic Treatment for Heavy Quarks
For the heavy-heavy bound state systems such cc, bb as, we consider a nonrelativistic Hamiltonian given by [6] 
m Q and mQ are the mass parameters, p is the relative momentum of each quark and V (r) is the quark antiquark potential given by [6] V We employ hydrogenic trial wave function within the variational scheme such that the expectation value of the Hamiltonian for the ground state given by
is minimized to determine the wave function parameter µ. The spin average mass (M SA ) of the system is obtained using Eqn(3). The results for cc and bb systems are tabulated in Table- 1 along with the square of the radial wave functions at the origin for different choices of ν. The predictions of the other contemporary potential models are also listed. The mass parameters m b = 4.66 GeV , m c = 1.31 GeV and the mass difference between the pseudoscalar (P) and vector meson (V) due to the chromomagnetic hyperfine interaction is obtained as described in Ref [6] . The Potential parameter A of CP P νA is fixed to get the ground state masses of the quarkonia.
Decay rates of cc and bb mesons in NRQCD formalism
The decay rates of the heavy quarkonium states into light hadrons and into photons and pairs of leptons are among the earliest applications of perturbative quantum chromodynamics (QCD) [10, 11, 12] . The decay rates of the meson are factorized into a shortdistance part that is related to the annihilation rate of the heavy quark and antiquark and a long-distance part containing all nonperturbative effects of the QCD. The short-distance factor calculated in terms of the running coupling constant α s (M) of QCD was evaluated at the scale of the heavy-quark mass M, while the long-distance factor was expressed in terms of the meson's nonrelativistic wave function, or its derivatives, evaluated at origin. We study the di-gamma decay of 1 S 0 state and the leptonic decay of 1 −− state using the conventional Van-Royen Weisskopf formula [13] as well as using the NRQCD formulism [14] . The NRQCD factorization expressions for the decay rates are given by [14] Γ(
The long distance coefficients X and Y are the NRQCD matrix elements for the decay. The vacuum saturation approximations allowed the matrix elements of the four fermion operators to be expressed in terms of renormalized wave function parameters [8]
The short distance coefficients F's and G's computed of the order of α 
Using the relevant parameters from Table- 1 . We compute the decay rates using conventional Van-Royen Weisskopf formula for Γ 0 & Γ V W as well as using NRQCD expressions. Here N c = 3 is the numbers of colour and α is the electromagnetic coupling constant. The results are listed in Table- 2.
Summary and Conclusion
The radial wave functions at zero separation and of cc and bb systems are obtained in different potential models, and the decay rates of 0 −+ → γγ and 1 −− → l + l − are computed using the formula of NRQCD formalism. The results are compared with the value obtained using the conventional formula (Γ 0 , Γ V W ) as well as with the respective experimental results. Though the predictions using conventional formula are far from the experimental results, the prediction based on NRQCD are found to be in accordance with the experimental values for most cases. The present study in the determination of the S wave masses and decay rates of cc and bb systems provide future scopes to study leptonic decay, light hadron decay, various transition rate and excited states of these mesonic systems [15] . It can be concluded that the NRQCD formalism has all the corrective contributions for the right predictions of the decay rates.
